INTRODUCTION
============

Gastric cancer (GC) remains the fourth most common cancer worldwide with a huge number of new diagnosed cases every year, especially in Asian countries.^[@R1],[@R2]^ In recent decades, GC mortality has been reported to decline; however, it is still the second fatal cause in China, following lung cancer.^[@R2]^ Clinical data have shown that most GC patients were diagnosed with an advanced stage, which means these patients have missed their best treatment period and will confront a poor survival. A better understanding of the molecular mechanisms underlying gastric carcinogenesis may help to identify more accurate diagnostic markers and even more effective treatment strategies for this lethal disease.^[@R3]--[@R5]^

Classic genetic studies have implicated that aberrant expressions of tumor-suppressor genes or oncogenes are crucial factors for GC occurrence. With the development of epigenomics, alterations of CpG islands and whole genomic methylation were proved to be involved in gastric carcinogenesis.^[@R6]--[@R8]^ Besides, accumulating evidences have indicated that microRNAs (miRNAs), as important factors, also participate in the etiology of GC.^[@R9]--[@R11]^ MiRNAs are a sort of endogenous small noncoding RNAs, which cleaved from 70 to 100 nucleotides hairpin miRNA precursors, and are about 19 to 25 nucleotides long in mature form. In eukaryotes, mature miRNAs mainly affect the expressions of diverse protein-coding genes by targeting their mRNA in 3′-untranslated regions (3′-UTRs), and then leading to a post-transcriptional retardation by either inhibiting mRNAs' translation or accelerating their degradation.^[@R12]^ It has been reported that miRNAs, including miR-196a, were noticed for their aberrant behaviors on various target mRNAs covering almost all of the important signal pathways.^[@R13]--[@R16]^

Recently, single-nucleotide polymorphisms (SNPs) in several miRNAs genes have aroused researchers' concern. The potential role of these SNPs have been identified in the cancer development, such as nasopharyngeal carcinoma,^[@R17]^ breast cancer,^[@R18],[@R19]^ hepatocellular carcinoma,^[@R20],[@R21]^ lung cancer,^[@R22],[@R23]^ head and neck cancer,^[@R24]^ and GC.^[@R25],[@R26]^ The *MIR196A2* rs11614913, as a prestigious biomarker in cancers, including GC, was reported in our previous study.^[@R27]^ The variant of rs11614913 could strongly influence the binding ability of mature miR-196a to its target mRNAs.^[@R28],[@R29]^ Overexpression of miR-196a was common in colon cancer and GC.^[@R16],[@R30]--[@R32]^ Considering functional polymorphisms in promoter region could influence gene expression,^[@R33]--[@R35]^ it is rational to hypothesize that there exist some SNPs in *MIR196A2* promoter region that might directly trigger the transcription of *MIR196A2* and finally affect GC susceptibility. In our previous report, rs11614913 SNP was associated with the risk of GC.^[@R36]^ However, as a variant existing in mature miRNA, it was still difficulty to affect the transcription of miR-196a-2. As an intergenic miRNA gene, *MIR196A2* has recently been reported to possess its own promoter that might alter miR-196a expression level and closely associate with the incidence of GC.^[@R36]^ To test this hypothesis, we initiated to screen *MIR196A2* promoter region and then focused on 2 potentially functional SNPs (rs12304647 A\>C and rs35010275 G\>C). Through further functional study, we testified their probable mechanisms and evaluated the possibility of these SNPs as biomarkers for GC susceptibility and clinical outcomes.

MATERIALS AND METHODS
=====================

Study Population
----------------

This study was approved by the Institutional Review Board of Nanjing Medical University, Nanjing, China, and all subjects participated in this 2-stage study signed a written informed consent form. Seven hundred fifty-three GC cases and 854 cancer-free controls in testing set and additional subjects consisted of 1022 cases and 1061 cancer-free participants in validation set were periodical recruited from the Cancer Clinical Research Base of Nanjing Medical University during March 2006 to January 2010 and January 1999 and December 2006, respectively, which had been described previously in details.^[@R37]^ In the set for validation, 78 patients (7.6%) with incomplete follow-up information and 4 patients with nonadenocarcinoma were excluded, and finally 940 patients with gastric adenocarcinoma were enrolled. All patients involved in our study were newly diagnosed and histopathologically identified, without previous history of cancer or previous chemotherapy or radiotherapy. Collecting data on patients mainly included age, sex, and tumor site histological type, depth of invasion, lymph node metastasis, distant metastasis, as well as clinical tumor node metastasis (TNM) stage. Histopathology of tumor was classified to diffuse type and intestinal type according to Lauren criteria.^[@R38]^ The tumor invasion, lymph nodes metastasis, distant metastasis, and clinical TNM stage were recorded according to TNM classification (American Joint Commission on Cancer Staging, 6th).^[@R39]^ All controls were enrolled in the same period with no genetic relationship to the cases. Besides, the controls were frequency matched to cases by sex and age (±5 years) (Table [1](#T1){ref-type="table"}). Each subject donated 5 mL peripheral blood after interviews.

###### 

Demographic Characteristics and Clinical Features
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SNP Selection
-------------

SNPs in *MIR196A2* promoter region were selected based on HapMap data (<http://hapmap.ncbi.nlm.nih.gov/>) and dbSNP data (<http://www.ncbi.nlm.nih.gov/projects/SNP/>). The potentially functional polymorphisms were identified following the criteria: located in the *MIR196A2* 5′-flanking region; and Minor allele frequency (MAF) \>0.05 in Chinese population. According to the criteria, 2 SNPs (rs12304647 A\>C and rs35010275 G\>C) remained in our study.

DNA Isolation and Genotyping
----------------------------

Genomic DNA was extracted from peripheral blood and paraffin sections of tissues for testing set and validation set, respectively. After proteinase K digestion and phenol--chloroform extraction, approximately 10% of DNA samples were randomly selected for agarose electrophoresis as quality control. Genotyping was carried out by fluorescent-based TaqMan SNP Genotyping Assay using ABI 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City, CA). Quality control was performed with the quality criteria as our previous study.^[@R37]^

RNA Isolation and qRT-PCR
-------------------------

Total RNA were extracted by TRIzol reagent (Invitrogen, Carlsbad, CA) according to the protocol, which were from 66 pairs of patients' tumor and adjacent normal tissues including 753 cases in our testing set. RNA was measured by Nanodrop ND-2000 spectrophotometer (Thermo, Waltham, MA) for its quality and quantity, and then stored at −80°C.

Quantitative reverse transcriptase PCR was carried out by ABI 7900HT Fast Real-Time PCR System (Applied Biosystems). The PCR of each sample was normalized against an U6 internal control. The primer sequences were mentioned in supplementary data (see supplementary Digital Content 1, <http://links.lww.com/MD/A80>). All PCR reactions were conducted in triplicate.

Construction of Promoter--Reporter Plasmids
-------------------------------------------

The 5′-flanking region sequence of human *MIR196A2* gene was obtained from the *Homo sapiens* chromosome 12 (NC_000012.11) after a blast search, starting from the first base of pri-miRNA. Luciferase reporter plasmids and corresponding variants were constructed by PCR amplification of nucleotides −1000, −700, −500 to transcriptional start site of *MIR196A2* promoter from human genomic DNA. All amplified fragments were cloned into pGL3-basic vectors (Promega, Madison, WI) and sequenced to confirm the orientation and integrity of each construct\'s inserts.

Cell Culture
------------

Gastric epithelium cell line (GES-1) and SGC-7901 are both cultured in Dulbecco\'s Modified Egale medium/high glucose (Invitrogen) culture medium, supplementing with 10% heat-inactivated fetal bovine serum obtained from GIBCO (Burlington, ON, Canada), 10 mmol/L 4-(2-hydroxyethyl)-1-piperazineethanesulfonicaci, 2 mmol/L [l]{.smallcaps}-glutamine, 1 mmol/L pyruvate sodium, 100 U/mL penicillin, and 100 μg/mL streptomycin at 37°C in a humidified atmosphere containing 5% CO~2~.

Transfection and Luciferase Assay
---------------------------------

For transfection, 1 × 10^6^ cells were seeded in individual well of a 24-well culture plate. Cells were transfected via lipofectamine-2000 transfection reagent with 0.5 μg constructed luciferase reporter plasmids mentioned above. The pRL-SV40 (as internal control) was transiently cotransfected into cells. Twenty-four hours after transfection, all cells were washed with Phosphate Buffered Saline and lysed with 1× passive lysis buffer. Luciferase activity was determined with a dual luciferase report assay system (Promega) following the manufacturer\'s protocol.

Electrophoretic Mobility Shift Assay (EMSA)
-------------------------------------------

SGC-7901 cells (2--4 × 10^6^) were collected to prepare nuclear extracts by the NE-PER kit (Pierce; Rockford, IL). Biotin-labeled oligonucleotides probes were annealed at 50 fmol. Reactions were applied onto 5% polyacrylamide gels, and then transferred to nylon membranes. Biotin-labeled DNA was detected by the LightShift Chemiluminescent EMSA Kit (Pierce).

Statistical Analysis
--------------------

In this study, statistical analyses were performed by SAS software (version 9.13; SAS Institute Inc, Cary, NC). All *P* values were 2-sided with *P* \< 0.05. Goodness-of-fit χ^2^ test was used to test for each SNP in control subjects to meet the Hardy--Weinberg equilibrium (HWE). Differences in the distributions of demographic characteristics, selected variables, and frequencies of genotypes between cases and controls were detected by Student *t* test or χ^2^ test. Unconditional univariate and multivariate logistic regression analyses were done to estimate adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs), which were used to evaluate the importance of genetic variants in different clinical features of GC.

RESULTS
=======

Expression of miR-196a in Gastric Tumor and Adjacent Normal Tissues
-------------------------------------------------------------------

MiR-196a expression levels were detected in 66 new diagnostic gastric tumor and adjacent normal tissue samples, which were chosen to keep the same genetic background. As shown in Figure [1](#F1){ref-type="fig"}, the average miR-196a level in tumor tissues was significantly higher than that in adjacent normal tissues (53.89 ± 3.991 vs 22.68 ± 2.568, *P* \< 0.001).

![MiR-196a expression in 66 gastric cancer patients. MiR-196a levels in tumor tissues (T) were significantly higher than those in corresponding normal tissues (N) (*P* \< 0.001).](medi-93-e173-g002){#F1}

Identification of SNPs in *MIR196A2* Gene Promoter Region
---------------------------------------------------------

With regard to higher levels of miR-196a in GC tissues, we attempted to investigate the regulatory mechanism of miR-196a-2 expression. After screening the promoter region of *MIR196A2* gene with SNP database (<http://www.ncbi.nlm.nih.gov/snp>), 2 SNPs within *MIR196A2* gene reveal their presence in Chinese population with MAF \>5%, named rs12304647 A\>C and rs35010275 G\>C (Figure [2](#F2){ref-type="fig"}A).

![SNPs on promoter region regulated miR-196a-2 expression. (A) Schematic representation of *MIR196A* containing rs35010275 G\>C and rs12304647 A\>C, which were in upstream of mature miR-196a-2. (B) In both normal and cancerous cell lines, plasmid with rs35010275 G and rs12304647 A displayed a higher luciferase activity than other plasmids. Meanwhile, both plasmids with rs35010275 C allele possessed lower luciferase activities. (C) Luciferase reporter assay showed that rs35010275 G allele had significant higher promoter activity, while C allele of which had lower promoter activity. The graphs showed the value of luciferase activity from different plasmids containing different *MIR196A2* promoter haplotypes. (D) EMSA assays revealed G and C alleles recruited different proteins or complexes with different molecular weight. EMSA = electrophoretic mobility shift assay, SNPs = single-nucleotide polymorphisms.](medi-93-e173-g003){#F2}

Effects of SNPs in *MIR196A2* Promoter Region on Gene Transcriptional Regulation
--------------------------------------------------------------------------------

To identify whether these 2 variations have influence on the transcription activity of *MIR196A2*, we constructed full-length luciferase reporter plasmid and its variants by using pGL3-basic vector, named pGL3--1000 wt, 1000mt1, 1000mt2, and 1000mt3, which were transfected into SGC-7901 and normal GES-1. As shown in Figure [2](#F2){ref-type="fig"}B, comparing with pGL3-1000 wt and pGL3-1000mt1, the transcription activity of pGL3-1000mt2 and pGL3-1000mt3 were significantly lower in SGC-7901 and GES-1, which suggested these SNPs in *MIR196A2* promoter region took effect on its transcription. To further confirm the individual functions of rs12304647 and rs35010275, 3 plasmids containing shorter *MIR196A* promoter regions (pGL3-700 wt, 700mt, and 500) were transfected in SGC-7901 cell line. All of these reporter plasmid assays displayed higher luciferase activities than pGL3-basic vector. pGL3-1000 wt and pGL3-1000mt1 showed significant increases in promoter activity than pGL3-700 wt and pGL3-700mt1. However, opposite trends displayed in pGL3-1000mt2 and pGL3-1000mt3 (Figure [2](#F2){ref-type="fig"}C). These results suggested that different allele of rs35010275 might possess different function in miR-196a expression.

Based on the above results, we further investigated potential regulatory role of rs35010275 G\>C. EMSA was performed with probes carrying the SNP major (G) or minor (C) allele. Proteins or protein complexes binding to G-probe have larger molecular weight than those bind to C-probe, suggesting that they might be different (Figure [2](#F2){ref-type="fig"}D). Through competition assays between G and C-probes, it was obvious that both of the protein complexes displayed less intense bands as the decreasing concentration of both probes. These results suggested that these different protein complexes might contain sequence-specific DNA-binding domain that could recognize different alleles of rs35010275.

Characteristics of GC Patients and Controls
-------------------------------------------

The frequency distributions of cases and controls in 2 stages are summarized in Table [1](#T1){ref-type="table"}. The cases and controls appeared to be adequately matched on age (*P* = 0.424 and 0.343) and sex (*P* = 0.406 and 0.546). In testing set, 26.8%, 21.9%, 35.3%, and 16.0% of patients were in stage I, II, III, and IV disease, respectively, whereas, 27.8%, 19.8%, 42.1%, and 10.3% of the patients in validation set were diagnosed in stage I, II, III, and IV, respectively.

Association of rs35010275 G\>C Polymorphism With MiR-196a-2 Levels in GC Tissues
--------------------------------------------------------------------------------

Next, we performed genotyping analysis for rs35010275 in above 66 patients' tissues from which we successfully obtained both genomic DNA and RNA. Data were showed as following: GG, 36 cases (54.6%); GC, 24 cases (36.3%); and CC, 6 cases (9.1%). As presented in Figure [3](#F3){ref-type="fig"}, patients carrying GG genotype had higher miR-196a-2 expression levels than those with GC or CC genotype in both cancer tissues (*P* = 0.032 for GG vs GC and *P* = 0.001 for GG vs CC) and adjacent normal tissues (*P* = 0.048 for GG vs GC and *P* = 0.049 for GG vs CC).

![Associations between rs35010275 G\>C polymorphism and miR-196a levels in 66 gastric cancer patients. (a) MiR-196a levels in noncancerous tissues according to different genotypes. Patients with GG genotype also showed significantly higher expression of miR-196a than those with GC and CC genotyeps (*P* = 0.048 and 0.049, respectively). (B) MiR-196a-2 levels in cancerous tissues according to different genotypes. Patients carrying GG genotype showed significantly higher miR-196a levels relative to those with GC and CC genotype (*P* = 0.032 and 0.001, respectively). Horizontal line is for the mean value of miR-196a levels in cancerous and noncancerous tissues, respectively.](medi-93-e173-g004){#F3}

Overall Effects of *MIR196A2* Promoter rs35010275 G\>C on Risk of GC in 2-Stage Case--Control Studies
-----------------------------------------------------------------------------------------------------

We further performed a 2-stage case--control study to evaluate the overall associations between rs35010275 G\>C polymorphism and GC risk. Genotype frequencies in the combined controls was conformed to HWE (χ^2^ = 0.885, *P* = 0.347). As presented in Table [2](#T2){ref-type="table"}, we found that GC/CC genotypes were associated with a significantly decreased risk of GC compared with GG genotype in both stage of the study (adjusted OR = 0.82, 95% CI = 0.67--0.99 in testing set and adjusted OR = 0.82, 95% CI = 0.68--0.97 in validation set). Moreover, with the expansion of samples in combined analysis, more significant protective effects displayed in GC, CC, and GC/CC genotypes (adjusted OR = 0.82, 95% CI = 0.72--0.95 for GC; adjusted OR = 0.76, 95% CI = 0.59--0.99 for CC; adjusted OR = 0.81, 95% CI = 0.71--0.93 for GC/CC) compared to GG genotype. Simultaneously, difference between the subjects carrying C allele and G allele was observed in allele comparison with adjusted OR = 0.85, 95% CI = 0.73--1.00 in testing set, adjusted OR = 0.85, 95% CI = 0.74--0.98 in validation set, and adjusted OR = 0.85, 95% CI = 0.77--0.94 in combined set.
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Genotype frequencies and overall effects of *MIR196A2* rs35010275 G\>C polymorphism on gastric cancer risk
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Associations Between rs35010275 G\>C Polymorphism and Clinical Features of GC
-----------------------------------------------------------------------------

Next, we evaluated the effects of rs35010275 G\>C on the progression of GC by comparing the rs35010275 G\>C polymorphism with different clinical features. As shown in Table [3](#T3){ref-type="table"}, with polymorphism in genetic dominant model of combined analysis, GC/CC genotypes have a statistical significantly decreased risk of GC compared with wild homozygous GG genotype in patients with cardiac cancer (adjusted OR = 0.71, 95% CI = 0.59--0.85), diffuse type (0.85, 0.73--1.00), intestinal type (0.77, 0.64--0.92), T3 depth invasion (0.74, 0.63--0.87), positive lymph node metastasis (0.73, 0.62--0.85), negative distant metastasis (0.82, 0.72--0.94), and advanced stage (0.72, 0.62--0.85).

###### 

Stratified analyses of *MIR196A2* rs35010275 G\>C polymorphism associated with gastric cancer progression by genetic dominant model
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DISCUSSION
==========

In the present study, miR-196a acted as an oncogenic miRNA, which expressed significantly higher in cancerous tissues than in noncancerous tissues. Moreover, a notable SNP (rs35010275 G\>C) in our study displayed potential transcript regulating function on *MIR196A2* and was associated with the susceptibility of GC in the Chinese population. These findings suggested that *MIR196A2* rs35010275 G\>C might be regarded as a potential biomarker for GC prediction.

It has been reported that the miR-196a may display different effects as an oncogenic miRNA in the pathology of GC, after quantitatively assessing the levels of miR-196a in patients.^[@R16],[@R30]^ Our study also confirmed that miR-196a unduly existed in GC tissues, which were consistent with the results reported by Sun et al.^[@R40]^ Besides, the genotyping of the 66 patients also manifested that patients carrying rs35010275 C allele were correlated with lower expression level of miR-196a in both tumor and normal tissues. These evidences suggested that the increase of miR-196a expression in rs35010275 GG genotype was a crucial event in gastric carcinogenesis; while some other transcriptional or post-transcriptional mechanism might exist in normal tissues to protect the abnormal expression of miR-196a.

It was proposed that various genomic and epigenomic mechanisms were involved in dysregulation of miRNA genes in cancers. The study by Croce^[@R41]^ had concretely demonstrated these different causes such as deletions, amplifications, mutations, epigenetic silencing, and even the aberrant expression of transcription factors targeting miRNAs. To date, compared with thorough disclosure of miR-196a functions, the culprits of abnormal expression of miR-196a have been involved seldom. Derived from 2 different loci, nominated *MIR196A1* and *MIR196A2* gene, detailed mechanism of miR-196a expression may be diverse and complicated. With regard to affecting the mature process of miR-196a-2 transcription,^[@R23],[@R42],[@R43]^ rs11614913 SNP was one exploration raising the concerns of researchers.^[@R20],[@R42],[@R44],[@R45]^ Recent studies have identified this polymorphism as a risk factor for several diseases, including hepatocellular carcinoma,^[@R20]^ leukemia,^[@R46]^ lung cancer,^[@R22],[@R23]^ breast cancer,^[@R44],[@R47]^ colorectal cancer,^[@R32]^ and pancreatic adenocarcinoma.^[@R48],[@R49]^ Apart from *MIR196A1*, *MIR196A2* possesses its own promoter in structure, in which the variations might also alter miR-196a expression and then influence the susceptibility of GC. In this study, we identified 2 SNPs (rs12304647 A\>C and rs35010275 G\>C) in *MIR196A2* promoter region of 1000 bp away from the transcription starting site. Taken functional analyses together, these observations supported the idea that *MIR196A2* rs35010275 G\>C resulted in different recruits of transcription factors or complexes to *MIR196A2* gene promoter region, which modulated the miR-196a expression. To our knowledge, this is the first study providing direct evidence that *MIR196A2* promoter polymorphism may influence individuals' susceptibility to GC through affecting miRNA biogenesis.

MiRNAs potentially display their distinct effects in various biologic processes via influencing their target genes. As dysregulation of miR-196a may contribute to tumor detachment, migration, invasion, and proliferation^[@R13],[@R16],[@R32],[@R40],[@R50],[@R51]^ through regulating its fundamental target genes, it is biologically plausible that rs35010275 G\>C influence the development of GC. Our 2-stage epidemiological study indicated that rs35010275 C allele displayed protective effect on GC with T3 depth of invasion, positive lymph node metastasis, negative distant metastasis, and advanced TNM stage. Therefore, *MIR196A2* may participate in the invasion and migration pathways of gastric carcinogenesis, and rs35010275 C allele may act as a repressor in hazardous biological processes. In previous studies, the members of homeobox Gene (HOX) family^[@R15],[@R50],[@R52]^ and annexin A1^[@R13],[@R53]^ have been reported as target genes of miR-196a in vivo. Schimanski et al^[@R32]^ identified that through regulating HOX family genes, miR-196a could activate the v-akt murine thymoma viral oncogene (AKT) signaling pathway by increasing phosphorylation of AKT. These results suggested that *MIR196A2* rs35010275 could trigger the expression of miR-196a and finally induce the AKT pathway to influence susceptibility and processes of gastric carcinogenesis.

Considering rs35010275 G\>C as an molecular biomarker to predict individuals' susceptibility to GC, our study also showed that the protective effects of rs35010275 C allele were more predominant in cardia patients (adjust OR = 0.71, 95% CI = 0.59--0.85, *P* \< 0.001) and stages III and VI patients (adjust OR = 0.72, 95% CI = 0.62--0.85, *P* \< 0.001), suggesting that there exists associations of rs35010275 G\>C with tumor site and advanced TNM stage. Further investigation to validate this association is necessary, and it would be interesting to clarify whether the carcinogenesis mechanism in cancer with low TNM stage might be distinct from that in cancer with advanced TNM stage. Besides, *MIR196A2* rs35010275 G\>C might majorly take its contribution on precluding the onset of cancer in cardia.

Several limitations exist in our study. First, small sample size may limit the statistical power of our study, especially for subgroup analyses. Second, our study was retrospective hospital-based case--control studies; the inherent selection bias and information bias were unavoidable. Under this circumstance, we applied a rigorous epidemiological design in selecting study subjects and conducted statistical adjustment for known risk factors to minimize the potential biases. Finally, our study lacks some information on GC risk factors, such as *Helicobacter pylori* infection status, diet habit, tobacco smoking, and alcohol consumption status. Therefore, our results need to be validated in population-based studies with larger sample size and more detailed information.

In conclusion, our study revealed that miR-196a was dysregulated in GC. Moreover, a functional SNP rs35010275 G\>C in the promoter region of *MIR196A2* gene was significantly associated with miR-196a-2 expression. Further insights into functional and clinical investigation of *MIR196A2* gene may contribute to the diagnosis and prognosis of GC.
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